Nine strains of Bacteroides fragilis were cultivated in stirred fermentors and tested for their ability to produce glycosidases. B. fragilis subsp. vulgatus B70 was used for optimizing the production of glycosidases. The highest bacterial yield was obtained in proteose peptone-yeast extract medium. The optimum pH for maximal bacterial yield was 7.0, and the optimum temperature for growth was 37°C. The formation of glycosidases was optimal between pH 6.5 and 7.5, and the optimum temperature for synthesis of glycosidases was between 33 and 370C. Culture under controlled conditions in fermentors gave more reproducible production of glycosidases than static cultures in bottles. The strain was also grown in continuous culture at a dilution rate of 0.1 liter/h at pH 7.0 and 370C with a yield of 2.0 mg of dry weight per ml in the complex medium. The formation of glvcosidases remained constant during the entire continuous process.
Large numbers of several Bacteroides species are present in the normal human oral and intestinal flora (13, 15) . Some of these species have been shown to cause various infections in humans (5, 7), but because most Bacteroides species are difficult to cultivate in vitro, little is known about their mechanism of virulence. Possible factors include cell envelope antigens, toxins, and various enzymes.
Different bacterial species in the normal flora in various parts of the body are capable of producing glycosidases. Under certain conditions, these enzymes split off various sugars from the glycoprotein molecules that make up the mucins (4) . The sugars released could supply energy for the growth of certain bacteria, and therefore these enzymes might be important in the maintenance of the normal flora on mucosal surfaces.
The aim of the present study was (9) .
The anaerobic culture system (Bellco Glass, Inc., Vineland, N.J.) developed by the Anaerobe Laboratory, Virginia Polytechnic Institute and State University (9), was used for subculturing the strains. Reidentification ofB. fragilis was made after every batch and continuous culture according to the method of Holdeman and Moore (9) .
Preparation of prereduced media. Unless otherwise stated, the following basal medium was used: proteose peptone (Difco), 20 g; yeast extract (Difco), 5 g; cysteine-hydrochloride, 0.55 g; NaCl, 5 g; glucose, 10 g; resazurin solution, 6 ml (Merck, Darmstadt, Germany); and distilled water to a final volume of 1 liter. The pH of the medium was 7.0. All ingredients except cysteine-hydrochloride were mixed in a 7-liter Erlenmeyer flask. The medium was boiled for 20 min until the color changed from pink to yellow. The flask was then cooled in an ice-water bath under oxygenfree nitrogen, and cysteine-hydrochloride was added. The medium (1 liter) was dispensed under an anaerobic atmosphere into the fermentor, which was autoclaved for 20 min at 121°C.
Four other complex prereduced media (all containing 10 g of glucose per liter) were also tested: a peptone-yeast extract medium (9) , a tryptone-yeast extract medium (21) , a tryptone medium (22) , and a whale meat medium (1). A prereduced defined medium described by Wahren and Holme (22) Preparation of inocula. The inocula were prepared from overnight cultures grown under static conditions in bottles of prereduced basal medium containing 1% (wt/vol) glucose (final dry weight, 1.0 mg/ml). The microorganisms were washed once in an anaerobic chamber and resuspended in fresh medium with or without 1% (wt/vol) glucose under anaerobic conditions and then added to the fermentor to an initial dry weight of 0.2 mg/ml.
Determination of bacterial growth. Samples of 10 ml each were taken from the cultures at intervals and centrifuged at 4,000 x g for 15 min at 4°C. The supernatant fluid was tested for glucose concentration and enzyme activities. The pellet was washed once in 0.01 M sodium phosphate buffer (pH 7.0) and dried at 110°C for 18 h prior to dry weight determination. All weights were corrected for the weight of the buffer salts (15) .
Continuous cultures. The Bio-Tec FL 101 fermentor was used for all experiments. A freshly prereduced medium was pumped into the vessel from a 20-liter reservoir of stainless steel by means of a hose pressure pump (Bio-Tec LP 600) (15) . The flow rate could be varied, and the pump was calibrated before the cultivation started. The culture volume was kept constant by an overflow tube in the vessel. The rubber tubing connections were made as short as possible to minimize the risk of air diffusion through the wall. As in the batch experiments, the impeller speed was 200 rpm, and the pH was controlled with an automatic titrator by using 1 M NaOH as titrant. Temperature was controlled at 37°C and pH at 7.0. The medium was inoculated as in batch cultivation. The culture was grown under batch conditions for 12 h, i.e., to the end of the period of active growth, before the continuous feed was started. Samples (10 ml) were taken every 1 or 2 h for dry weight determinations, enzyme assays, and glucose determinations. Samples 
RESULTS
Choice of strain. The nine strains of B.
fragilis were cultivated in fermentors under controlled conditions of pH, temperature, gas, and agitation to determine their ability to produce glycosidases. There were great variations in the ability of the nine different strains to produce these enzymes under similar growth conditions (Table 1) . In static cultures, all strains showed less than one-tenth of the activities obtained in agitated cultures. Strain B70 was the best producer of a-glucosidase, f8-galactosidase, and ,B-N-acetylglucosaminidase activities and was therefore chosen for further studies of the influence of cultural conditions on the production of these enzymes.
Medium composition. B. fragilis subsp. vulgatus B70 was cultivated in six different prereduced media in stirred fermentors with a working volume of 1 liter. Both the highest yield of cells and the best overall yields of enzyme activities were obtained in the proteose peptone-yeast extract medium ( zyme activities to the proteose peptone-yeast extract medium but lower cell yields. When tryptone replaced peptone in the medium supplemented with yeast extract, the cell yield was identical to that obtained with the proteose peptone medium, but enzyme activities were much reduced. The proteose peptone-yeast extract medium was therefore chosen for further experiments.
Relationship between bacterial growth and formation of glycosidases. The appearance of glycosidases in the culture fluid during different phases of growth of B. fragilis subsp. vulgatus B70 was studied in a fermentor of 1-liter volume with prereduced proteose peptone medium containing glucose (10 g/liter) at 370C and pH 7.0. The period of active growth lasted for about 6 h, followed by a lytic phase. Glucose was the growth-limiting factor in the experiment. Liberation of a-glucosidase, ,8-galactosidase, and ,8-N-acetylglucosaminiidase into the medium increased throughout the experiment (Fig.   1) . No,-glucosidase or a-galactosidase was detected in the culture fluid during the 24-h period of cultivation.
Influence of pH on growth and formation of glycosidases. The influence of pH on the yield of cells and glycosidases was tested in the proteose peptone-yeast extract medium (Fig. 2) Influence of temperature on growth and formation of glycosidases. The influence of temperature on the yield of cells and glycosidases was tested in the range 31 to 410C at pH 7.0 (Fig. 3) . The maximum cell yield (2.5 mg [dry VOL. 35, 1978 271 weight] per ml) was obtained at 37°C, but the differences between this and the yields at 31 to 39°C were only slight. The enzyme activities were rather similar in the tested temperature range except for a-glucosidase, where the maximal activity was observed at 330C.
Continuous cultivation. It was desirable for further studies to produce large quantities of glycosidases, and therefore continuous cultivation experiments were carried out. After 12 h, the continuous feed was started with a dilution rate of 0.1 liter/h. The formation of glycosidases remained constant during the whole continuous process (Fig. 4) .
DISCUSSION
Glycosidases from gram-positive bacteria such as streptococci (6, 14) , pneumococci (20, 23) , and Bacillus species (17, 19) have been studied extensively during the last few years.
On the other hand, very few reports on glycosidases from gram-negative bacteria, with the exception of Escherichia coli (24) (12) .
The cell yield obtained in the present investigation by batch cultivation without stirring and pH control was low (0.5 g/liter, dry weight). By using stirred fermentors with pH control, the cell yield was increased about 5 times, and the yield of glycosidases was increased about 10 
